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ENERGY COORDINATION SYSTEM 

TVrhnical Field 

The present invention is related to an energy coordination system, and 
5 more particularly, to an energy coordination system that facilitates a customer's 
ability to choose its energy provider. 

Back ground 

The traditional model for electric utilities is shown in Figure 1 . In 
10 this model, an electric utility serves energy users or customers 108 (i.e., load) with 
its own facilities 100, which includes a generator 102, a transmission network 104, 
and a distribution network 106. A transformer station 105 is connected between the 
transmission network 104 and the distribution network 106. A customer 108 cannot 
choose between alternative sources of energy. The customer 108 must buy energy 

1 5 from the utility that operates in its geographic region. 

Referring to Figure 2, power grids UOand 112 are organized into 
Control Areas 1 14 and 1 16, respectively, which are electrical systems bounded by 
interconnection (i.e., tie-line) metering 1 18 and telemetry. The load between 
adjacent Control Areas 1 14 and 1 16 is balanced according to a predetermined 
20 schedule. If excess demand for electricity is generated in one Control Area 1 14, it 
will receive electricity from adjacent Control Areas 1 16, which disrupts the balance. 
Generators 120 and 122 in the Control Areas 1 14 and 1 16 must then adjust their 
generation to return the balance to zero. The Control Area 1 16 that is providing the 
excess electricity then bills the other Control Area 1 14 for expenses caused by the 

25 deviation. . -.v .* . <..,>-'-"■•■ ; '; ....... 

A problem with this current model of electric utilities is that there is 

not currently any way to allocate mebuihgsforto 
I proportional to the individual customer's deviation: Rather, the cost of the deviation; 
^divided among all of the customers regardless of vyhemer Iheir usage exceeded a 
30 predictable amount. Another problem is that custpfners who do exceed their 

predicted load cannot freely choose the generator, or the Control Area, from which 
they receive electricity to meet their excess demand. 

In an effort to stimulate competition and lower energy prices, the 
- electric utility industry is being deregulated. In theory, deregulation will allow • 
35 energy users to freely choose the provider from which they purchase energy. ; 
However, most models for the deregulated utility, industry only permit limited, 
customer choice. One reason is that full customer choice is not possible without a 
system and method of universally scheduling load and generation, controlling the 
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distribution of energy, and accurately allocating deviations to the customers and 
generators that created them. v - : 

Accordingly, there is a need for a.system that provides universal 
scheduling of energy generation and load. Thersalsq is a need for a system that 
provides universal control over the generation of energy. . There is a related need for 
a system that allows customers to choose their energy providers, the type of metering 
that they use, the frequency at which they change energy suppliers, the number of 
simultaneous suppliers from whibh they receive electricity, and the load following 
providers that adjust their generation to compensate for the customers being above 
or below their preschedules or anticipated energy usage. There is yet another need 
for a system that permits customers to easily switch suppliers by telephone or 
computer. There is also a need for a system that can track customers' deviation 
between actual usage and scheduled usage. ; • , . 

Summary 

The present invention is directed to a system for scheduling the 
provision of energy in an energy distribution network having a plurality of energy 
users receiving energy from at least one of a plurality of energy sources. The system 
comprises memory in communication with the input. The memory is configured to 
store at least one schedule for each energy user. Each schedule sets forth the 
predicted energy usage over a predetermined period of time. A processor is in 

communication with the memory. The processor is configured to sum the schedules 

■> 

of a predetermined set of energy users thereby creating a net schedule. 

Another embodiment of the present invention is directed to a system 
for allocating the deviation between an energy user' s predicted energy usage and the 
energy user's actual energy usage. The system comprises means for receiving meter 
readings of actual energy consumption for the energy user. Memory is in 
communication with the means for receiving meter readings The memory is 
configured to store a schedule of anticipated energy usage for a predetermined period 
and to store the energy users' meter readings. A processor is in communication with 
the memory. The processor is configured to calculate the difference between the 
schedule and the meter readings thereby forming a deviation between anticipated 
enerigy use and actual energy use for each energy user. 

Yet another embodiment of the present invention is a method for 
scheduling the generation of energy in an energy distribution network having a 
plurality of energy users receiving energy from at least one of a plurality of energy 
sources. The method comprising the steps of: storing a schedule for each energy 
user, each schedule setting forth the predicted energy usage for that energy user over 
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a predetermined period of timej and surnrning the schedules of a predetermined set 

of energy users thereby creating a net.schedule.. - 

Another method that embodies the present invention is for allocating 

the deviation between an energy user!s predicted energy usage and the energy user's 
5 • actual energy usage, -ms method comprising the steps of: receiving meter readings 
• ofactual energy cof^ufnption for.the : «iergy user; storing a schedule of anticipated 

energy usage for a predetermined period; storing the energy users' meter readings; 

and calculating me difference between the schedule and the meter readings thereby 

forming a deviation between antiQipated energy use and actual energy use for each 
10 ; 'energy user.- ■<"<• .■ ^ 



•«i v. i>. ■ TWo-iprinn of the drawings 



Figure 1 illustrates the traditional model for a regional, electric utility; 
Figure 2 illustrates the traditional model of a power grid that has the 
15 regional electric utilities organized into Control Areas; 

Figure 3 illustrates;pne possible model for a power system that 
; .: utilizes a computer system embodying.the present invention; 

•; • . Figure ^illustrates organization of components in one possible model 

of a-detegjjlat^ uti1ity industry that utilizes,tte.power / systein shown in Figure 3; 
20 v;. . : Figure 5 is a functional block diagram Ulustrating one possible 

embodiment of the computer system shown in Figure 3; and. 

Figure 6 is a block diagram of one possible embodiment of the 
hardware for implementing the computer system shown. in Figures .3 and 5. 



-: i 



25 iwaiigri Description 

• • - Various embodiments of the present invention will he described in 
detail with reference to the drawings, wherein like reference numerals represent 1^ 
parjs and assemblies throughout.the several views. , Reference to the various 
, embodiments does notlimit the scope of the mvention, wWch is limited only by the 
30 scope of the claims attached hereto: - . . .. . ; ? . 

. - In general terms, the present invention is directed to a system for 
coordinating various components and entities in a deregulated energy distribution 
sy stem^ r Various embodiments of the present mvention can be utilized with the 
generation and/or distribution of many different types of energy, including 
35 - electricity, natural gas, rand petroleum. Furthermore, the present invention can be 
> implemented in many different models for the utility mdustry. and i?. not limited to 
the particular module that is described herein. ; Thus, for .example, the invention can 
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be used in a system that does not include an independent system operator as 
described below. : : ' . . 

As stated above, the present invention can haive, many different 
embodiments. In one possible embodiment, a system embodying the present 
5 invention determines the deviation between each customer's scheduled energy usage 
and the customer's actual usage of energy. This deviation provides a basis for 
allocating the cost of deviation to the customers that are actually responsible for the 
deviation in a prorated amount. Thus, customers pay only for their energy usage and 
not for the excess usage of other customers. In anotherpqssible embodiment, a 

1 0 system embodying the present invention is directed to creating net usage schedules 
that are used to control the amount of energy output by^yaripus generators. Creating 
and using net usage schedules in this manner helps to maintain balance in the energy 
distribution system. 

An advantage of this system is that it enables a customer to choose its 

1 5 desired source of energy. For example, a customer can choose to continue receiving 
energy from its traditional energy provider for the geographic surea in which the 
customer is located. The customer can also choose to purchase energy from an 
alternative energy provider or directly from a generator. In yet another example, a 
customer can choose to purchase energy from multiple and different sources 

20 depending on a variety of factors such as the time of day, the day of the week, or 
whether the customer's actual energy usage is exceeding its scheduled usage. 

Referring now to the drawings, Figure 3 illustrates one possible 
model of a power system 123 that utilizes the present invention- In this power 
system 123, a plurality of generators 124, 125, and 126 generate energy into a 

25 transmission network 128. A distribution network 130 receives energy from the 

transmission network and distributes the energy to the loads 132, 134, 136, and 138. 
A transformer station 131 is positioned between the transmission network 128 and 
the distribution network 130. The loads 132, 134;, 136, and 138 can be any type of 
customer, or combinations of different types of customers, including residential, 

30 commercial, and industrial customers. There are meters 140, 142, 144, and 146 that 
measure the flow of energy between the distribution network 130 and the loads 132, 
134, 136, and 138. There are also meters 148, 150, 152 that measure the flow of 
electricity between the generators 124, 125, and 126 and the transmission network 
128. A computer system 220 is interfaced with, or electrically connected to, the 

35 meters 132, 134, 136, 138, 148, 150, -and 152. 

" Figure 4 illustrates one possible structure of the electric utility 

industry in a deregulated environment in which a customer 1—7 can choose its own 
source of electricity. Within this system, a customer 1-7 can choose to keep 
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receiving energy from its regional DISCO 219, which is the traditional regional 
utility, or choose to switch to an alternative energy provider 242. ■ ■ 

An Independent System Operator (ISO) 244 is a regional organization 
that operates the u^nns'sion hetwork- 130 mdependently of its owners. The ISO 
5 244 can operate transmission networks owned by several different companies or a 
smgle transmission hetworki Analogously; the ISO 244 can encompass several 
Control Areas; a smgie CoinrolArea, or combine several Control Area into a larger 
' unitary Control Arear 1 The-ISO f 244 is responsible for the reliability -of the networks 
' vwthin v its system md Have contracted with a generator 225 that will provide load- 
lb : ^following j^services? ^ Tile Joad^lbwmg generator 225 with whom the ISO is 
associated is^&e detkut generator that provides excess electricity when demand 
' exceeds me ; load scned^^ Although the ISO is described as 

' performing mese functions, other stractures of the utility industry are possible in 
which other entities, such as the Control Areas themselves, perform these functions. 
15 ' Anomer : 6rganizaubnsuch as an independent energy accountant 

1 (IEA) 154 provides a central'cbntfdl that coordinates all of the components for the 
ISO 244'. A'ccbrdingly^ the TEA" 1-54 operates -the computer system 220 and provides 
accbuntWiteh^ ^ 

: : - The IEA 154cbnTniunicafes with the ISO 244; generators 156 and 

20 'li«; th^'regioriaiDI^O 219; energy providers 242 that receive load-following 
' from the default generator 225; energy providers 242 that contract with alternative 
' load following generators 223; customers* such as customer 6, that choose to 
contract directly with a particular generator for either their main supply of energy 
156 or 158 or their load following energy provider 223; and customers, such as 
25 customer 7," that have short-interval metering; In an alternative model of the energy 
industry and the system configuration^ control or coordination is provided by an 
entity other than the ISO 1 54. Examples of other entities include an.independent 
' energy scheduling service or a distribution company. , 

• ' : ' ; .Reieriingfo Figure 5*, -the computer>system : .220 interfeces with energy 
' 30 meters 200, afteHthe-^faet interval meters 202; short-interval meters 204, and 

generator meters 206. Energy meters 200 do not have load-profile recorders and 
' ; typically are used for residential customers. After-the-fact interval meters 202 have 
' built in load-profile recorders arid typically have dial-up communications with an 
• entity that has a meter translation system such as'avDISCO-, After-the-fact interval 
35 meters 202 typically are usedfor commercial and light industrial customers. Short- 
interval meters 204 record energy on a hear real-time basis. Short-interval meters 
204 typically are used forlarge industrial customers. Generator meters 206 track the 
output of generators on a near real-time basis.* m . L , 
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Meters operating on a near real-time basis take measurements at 
relatively short intervals; such as five minute inters However, the length of the 
interval can vary depending on a variety of factors such as the capabilities of the 
meter, the capacity of the communication system to which the meter is linked, and 
5 the number of customers. The shorter the interval between readings the closer that 
the system is to achieving true real-time measurement. In some possible 
configurations, therefore, near real-time is synonymous with real-time if the 
intervals are short enough. 1 : 

A meter translation system 2 i ; 0 includes a communication interface 

10 212, a meter data translation and processing systenr214, a high precision time base 
216, and a customer load profile liistory database 218. The communication interface 
212 provides an interface for after-the-fact meters202. ; . ; 

The communication interface 212 dials up and polls the individual 
after-the-fact meters 202 that ire installed &t various customers. Each after-the- 

1 5 fact meter 202 generates a metered load profile, which is a profile of actual usage 
that charts actual use over a period of time; That pieribd of time can have various 
intervals such as 1 day, 1 week, or T%i6ntK. When polled by the meter translation 
system 210, after-the-fact meters 202 download into the meter data translation and 
processing unit 214 both their metered load profile and the meter reading for the end 

20 of the profiled interval. The meter profiles as well as the actual meter readings at the 
start and stop of the profiled interval are stored in the customer load profile history 
database 218. 

The time base 216 receives time from a precision atomic clock 
source. This high precision time is used to synchronize the clock in each of the 

25 after-the-fact meters 202. * : 

The standard energy meters 200 are typically read by a meter reader 
and input into a hand-held irieter readihg microcomputer 201. This hand-held 
meter reading microcomputer 20 1 is interfaced with the DISCO's electronic meter 
reading system 208. If the customer has not elected to switch to an alternative 

30 energy; provider, the meter readings are input into the DISCO's billing system 203 

and the DISCO 219 will geriehite billing for that customer in a manner that is known 
in the art. If the customer has elected to Switch energy providers, the data from the 
DISCO's meter reading system 208 is input into the meter data and translation and 
processing 2 1 4 of the meter translation system 2 1 0. In an alternative embodiment, 

35 the meter readings ate also stored in the customer load profile history database 218. 
In yet another alternative configuration, the DISCO meter reading system 208 
communicates meter readings from switched customers directly to the first input 
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• i - - * • . -r . ' ; * . : * 

interface 205 of the computer system 220, which is described in more detail below, 
rather than communicating. the meter readings^ the meter translation system 210. 

/ The computer system 220'mcludes a deviation accounting processor 

222;* schedule processor 224;,first, second, and third input interfaces 205 , 226, and 
228- first and second output .interfaces 215 and 230; a real-time database 232; a 
relational database 234,a ; reconciliatipn processor 2U; a cust^ 

processor 209; anda^^ ™**»^ s ^ 

input interfa^.226, the schedule prpcesspr 224, the real-time database 232, and the 
second outputmterface230formareal-timepro^ 

computer system^ to quickly respond to changes in customer demand so that the 
' generators .can adjust t^^unt of energy tr^m^ 
; ,- mibalances, ^eprpcessp^^^ 

of programs such as routines or objects. , . , 
.-r^erelatior^ database 234 stor^ 

15 demogmpmcs^ener^^ 

, short-interval metered customers; generators, including load following suppliers; 
^denergy providers, pemographic information that is stored m 
, database includes dato regardmg.generato^ energy providers, and customers tiiat 
;v . te ve switchedto an energy provider oA^^ Eachofthe 
20 generators^energy providers, and customers is represented by a fUg^ t 
character string, The relational database 234 creates relationships between 
, ■ -. generators and energy -providers that have energy supply contracts, customers and 
energy providers that have energy supply contracts, and customers and generators 
that have energy supply contracts. In one possible embodiment, the relational 

25 database alsPcont^ 

or energy provider is scheduled to supply energy. 
. , , . . Data stored in the relational database ,234 regarding energy metered 

customers 200 m^^^ coefficients, adjusted schedules, 

acWmontMymeterrea^ Dataregardmg 
30 after-the-fact interval met^d customers 202 includes preschedules, temperature 

coefficients, adjusted schedules, metered load profiles, and deviations. Data 
■ '< -regarding sfoKMnterval metered cummers 204 includes preseb^es, metered load 
, profiles, and deviations! .Datareg^ 
, adjusted scb^ule^metered generation. »rpf|les, and deviations. .Da^ regarding the 
energy providers 242 includes preschedules, temperature basis by zip code, the net 
of adjusted schedules and short^interval metering for the energy provider's 
customers, a net of reconciled, and metered load profiles, and deviations. 



• 35 



BNSDOCIO. <WO 9962161 A1J_> 



WO 99/62 1 6 1 PCT/US99/1 1 892 

8 

The temperature basis is the predicted temperature. ,The temperature 
coefficient is a factor that is added to.the preschedule for every degree that the actual 
temperature differs from the temperature basis. It accounts for increased (or 
decreased) energy usage caused by climate control units such as air conditioners that 
5 result from Unexpected temperature swings. There is a separate temperature 
coefficient for each customer. Additionally, the temperature coefficient is 
determined through statistical sampling based upon a customer's, or a sampling of 
similar customers', historic energy usage. r 

For example, if the temperature basis is 60° and the actual 

10 temperature is 70°, a customer has a first temperature coefficient that is added to the 
preschedule 10 times, once for eyery degree-that the actual temperature exceeds the 
temperature basis of 60°. If the temperature basis is 80° and the actual temperature is 
85°, the same customer will have a different .temperature coefficient that is added to 
the scheduled energy usage 5 times, once for every degree that the actual 

15 temperature exceeds the temperature basis of 80?; Knowledge on how to compute 
these coefficients is well known in the art. v 

The first input interface 205 receives data from the meter data 
translation and processing system 21 4 and loads that information into the relational 
database 234, This data includes the current metered load profiles for after-the-fact 

20 - metered customers 202 and actual meter readings for energy metered customers 200. 
In the event that there is a failure in the communication between the meter 
translation system 210 and the after-the-fact meters 202, a historical metered load 
profile will be communicated from the customer load-profile database 218 to the 
first input interface 205; 

25 The second input communication interface 226 is a near real-time 

interface that polls the short-interval meters 204 that are installed at customers' 
facilities and generator meters 206. The short-interval meter values, are then 
downloaded from the second input interface 226 to the near real-time database 232. 
The second input interface 226 also receives adjusted schedules from other ISOs and 

30 IEAs 217. This information is used to schedule and maintain a balance between 
Control Areas and for billing purposesif there is an imbalance created between the 

■ Control Areas: The information also enables customers and energy providers from 
other Control Areas to purchase energy from a generator 206 in the Control Area of 
the computer system 220. ■'..*-*• 

35 Each generator has a generator prescheduling processor 236 that 

generates a preschedule of electricity that it plans to generate for a predetermined 
period. Similarly, each energy provider 242 has a load prescheduling processor 238 
that generates schedules or preschedules for each of its customers. Each preschedule 



o o 

W0 99/6il61 9 PCT/US99/11892 

is created through statistical sampling based upon a customer's, or a sampling of 
r : 'sirmlar customers'; historic energy usage. . Additionally, each preschedule 

corresponds to the energy-that the energy provider 242 expects to provide to the 
customer for whlch'the ^reschedule is created. rThe preschedules are communicated 
' 5 to the second-input interface 228*by means such as e-mail or other electronic 
• '-coinmuiuC^6i^^.aW^en-Stiii^» the relational database-234. The preschedule 
can cover any future period. In one possible embodiment, however, the preschedules 
cover a 24 1 -hour period- and are created one day m advance of the period that the 
schedule covers. - >=! •. .:. • 

10 * • The ©rescheduling processor 213. retrieves all of the preschedules for 

a given energy provider #6m the relational database 234. The preschedules are then 
summeUbyC^ 

preschedule^ The : net preschedules are stored in the relational database 234 and 
: ' " ; ' conunuriicated to-the ; ISO 244^ the DISCOs 219, the energy providers 242, and the 
15 load following generators 223 via the fu^ output mterface 215. - 
: • v > ; - - • >(■- The sche4ureprocessor£24 generates a net adjusted schedule for 

each of the energy providers 242: The net adjusted schedule is the schedule of the 
" ' iunbuht'df elecnH^ 242 expect to use during 

' % '- ' :t ^agivWperioddftime. -Tlie'ket-adjustedisch^ule:.inclu4es. in£onnajipn for aU of the 
20 energy provider's 242 customers^ ^mcludmg short-mteryal meteredcustomers 204, 
^r^me^fact metefed:custc^ In generating 

the net adjusted schedule for an energy provider. 242; : the schedule processor 224 
'"' retrieves the customer data and the preschedule for all of the energy provider's 242 
customers, including the short-mterval metered customers 204, after-the-fact 
25 metered customers 202, and energy metered customers 200> 
^ '.< , i. • The schedule processor 224 also retrieves actual weather data from a 

" "' ; Li weather service 240 and the corresponding temperature coefficients from the 

rehitiohal database 234. * An example of possible weather data that is retrieved from 
■ j m6 weather service includes the actual temperature by zip code. The scheduling 
: 30 processor 224 thefrcreates ah adjusted schedule.by adjusting the preschedules for 

' ''a^ef-me-ract iniei*al--meter«d customers 202. and. energy metered customers 200 on 
! an hourly basis using the temperature coefficient corte^^ 
^ basis ahd'the most recent actual temperatiire triat me computer, system 220 has 

" received.' ' -' : " ■■ ^ '• * .; -•. '.. - • . ' "" ; ■. ; : 
35 The schedule processor 224 also compiles a metered load profile for 

each of the short-interval customers 206; The metered load profiles of the short- 
interval metered customers 206, the adjusted schedules for after-the-fact metered 
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customers 204, and the adjusted schedules for energy metered customers 200 are 
summed to create the net adjusted schedule. 

This process of calculating the net adjusted schedule is periodically 
performed for each of the generators, energy providers, Control Areas, DISCOs, and 
5 other IE As. In one possible configuration, a new net adjusted schedule is created 
every five minutes to provide a near real-time schedute so that generators can 
periodically adjust the amount of energy they are providing to minimi ze energy 
imbalance. In another configuration; a new net adjusted schedule is calculated in 
intervals other than five minutes, depending on a variety of factors including 
10 communication between the computer system 290 and the peripheral systems as well 
as processing demands placed on the computer system 200. The interval could be 
less than five minutes or considerably greater, than five minutes. 

The scheduling processor 224 also periodically creates an inter- 
IEA/Control Area schedule. This schedule is used to update information about the 
15 balance between Control Areas andrinform any contracted generators on other 

Control Areas of the size of the load that they need to generate jtp s?rye customers in 
their host Control Area, • 1 > x; 

The scheduling processor 224 stores the weather information, 
preschedules, adjusted schedules, and short^interval metered load profiles in the 
20 real-time database 232; Storing this information in the real-time database 232 

enables the schedule processor 224 to quickly retrieve it for updating or adjusting the 
schedules. The schedule processor 224 also stores the short-inte^al metered load 
profiles and the adjusted schedules in the : relational database 234 to create a 
historical record of data. ^ _ . 

25 The net adjusted schedule is output from the schedule processor 224 

via the second output interface 230 to :the energy providers 242, the ISO 244, the 
load following providers 223, the DISCO 219,; and other IEAs and Control Areas 
J 221 that might have a need for the adjusted schedule. The energy providers 242 can 
use this information for a variety of purposes such as computing an. alternate net 
30 adjusted generation schedule,:keeping historical records, billing purposes, and 
* accounting purposes. The alternate net adjusted schedule is an alternate generation 
schedule that determines how much to adjust the energy being purchased from 
generators and load following generators as the deviations are determined. The 
alternate net adjusted schedule is then communicated back to the real-time database 
" 35 232 via the second input interface 226., The scheduling processor 224 then uses this 
information to adjust the schedules of the appropriate generators and load following 
generators: : " " • 
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In an alternative embodiment, the alternate net adjusted generation 
! schedule is also communicated directly from the. energy providers 242-to the load 
following generators 223. The load^following generators can use the alternate net 
adjusted generation schedule for billing and to quickly .adjust their generation to 
5 match customer demaind ^d: maintain balance of the system 

The ISOs 244 use the net adjusted schedule as a measure of the 
amount of 'energy that must be available on the network at any given time. The ISO 
244 compares the net adjusted schedules .with the net preschedules to assist in 
maintaining reliability : This comparison, forexample, is used to : determine how 
10 much energy the load-following generators must provide in order to meet customer 
demand and maintain ^balanced power system. In another example, t this 
! cbmparisoh is'iiiedte adjustfthe output of load-following generators with whom 

customers have contracted 223 in order to minimize dependence on the ISO's default 
ioad-followihg generators 225 to meet demand and balance the power system. 
15 The second output interface 230 also communicates in near real-time 

the net adjusted schedules to loail^following generators 223 with whom particiilar 
; ' enerj^ prbviderS have indep^iideiitly cbntratcted. In this.situation, the individual 
contracted load-following generator 223 will increase or decrease generation of 
Energy to follbw the energy provider's or customer's adjusted schedule. 
20 1 r - Intei^Control Area schedules are communicated from the second 

output ^terface 230 to the ^other IEAs and ControlAreas 221, which use this 
^ iiifortaation f6r generating their own load schedules. This information permits a 
customer or energy provider- in one Control Area to contract with a generator in 
another Control Area/ This information is also used to schedule and maintain a 
25 balance between adjacent Control Areas and for billing purposes if the load between 

adjacent Coritrdl Areas becomes xmbalanced: , 
* [ The net preschedules and adjusted schedules for all of the switched 

cu^omers within each DISCO S Each DISCO can 

then use this information to calculate its own preschedule. The DISCO 219 also 
30' receives each energy provider's net preschedule from the first output interface 215. 

f r; The reconciliation processor 21 lrrelrieyes the adjusted schediile or 

; schedules and actual monthly meter readings for every energy metered customer 200 
: tfom the relational database 234. The recondliation processor 21 I then uses the 
attual monthly meter reading to scale the; adjusted schedule for each customer and 
3 5 ! "create a reconciled schedule. The amount of energy represented in the reconciled 
: schedule is substantially equivalent to the energy metered customer's actual, usage. 
: In one possible embodiment, the total amountof energy represented in a customer's 
or energy user's reconciled schedule corresponds to the customer's tqtal monthly 
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consumption of energy. The^ reconciled schedule is stored in the relational database 
234. - 

The deviation processor 222 calculates the deviation between the 
adjusted schedule and the actual energy used for each customer and for each 
5~ generator. The deviation processor 222 retrieves information from the relational 
database 234 for each customer. For energy metered customers 200, the deviation 
processor 222 retrieves the adjusted schedule and the reconciled schedule. The 
deviation processor 222 then calculates the difference between the reconciled 
schedule and the adjusted schedule, which is the deviation. For after-the-fact 
1 0 metered customers and generators, the deviation processor 222 retrieves the adjusted 
schedule and the metered load and generation profiles from the relational database 
234. The deviation processor 222 then calculates the difference between the metered 
load profile and the adjusted schedule, which is the deviation. For short-interval 
metered customers, the metered load profile becomes the adjusted schedule, and 
15 there is not a deviation between the adjusted schedule and metered load profile for 
short interval metered customers. For customers with multiple energy suppliers the 
deviations for the customers will be divided based on negotiated contracts. 

The deviations for individual customers are communicated to each 
customer's energy provider 242 through the first output communication interface 215 
20 anid are stored in the relational database 234. In addition, the net deviation for each 
energy provider and generator is provided to the ISO 244. The energy provider 242 
uses the deviation for each individual customer to allocate the deviation billing from 
the ISO 244 to the individual customers in an amount proportioned to the customer's 
individual deviation; < , r 

2:5 The workstation 246 is used to input demographic information for 

each customer into the relational database 234; Demographic information can 
include personal information, the identity of the primary energy provider with whom 
the customer has contracted, and the identity of secondary energy providers with 
whom the customer has contracted. 
30 The customer verification processor 209 prevents slamming of 

* customers. Slamming occurs when an energy provider 242 switches a customer to 
! its service without the customer's permission. The customer verification processor 
209 receives requests from the energy provider 242 for changes in the customer's 
chosen energy provider. This information can be communicated electronically or 
35 v directly from the energy provider 242 to the customer verification processor 209. 
' Alternatively, this information can be sent to the IEA, and is then manually input to 
the verification processor 209 at the work station 246. 
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Upon receiving a request to switch a customer, the verification 
' processor 209 causes'axonfirmation request to be generated and sent to the customer 
207. The confirmation request can have many possible formats such as a mailing or 
a digital certificate. Gxlce the confirmation from the customer is received, the 
5 verification processor 209 will update the information in the relational database 234 
that identifies the customers 207 hew energy provider 242. The confirmation is also 
communicated to" &e customer's previous energy provider 242 notifying it that the 
customefsvrttch^^ .Thesame.process as described 

above will be ifeed "of a customer selects an t additional energy provider. The change 
10 then takes efif&t after" the next meter reading. . - : 
' - - t " Referring now to Figure 6, one possible implementation of the 

"cbmpiitCT systd&"220 has fou* servers. 300,; 302,-. 304, and 306. , The first server 300 
stores the relational dat^bkseiand executes the non real-time processes. These 
' '* processes include the customer verification processor 209, deviation accounting 
15 c processor 222, recbhciliation processor 21 1, and prescheduling processor 213. The 
r * second server 302 stores the real-btime database and executes the scheduling 
- prdcessbr : 224, \?^&ich is a real^imeiprocesspr.; The third server 304 includes the 
: secbnd in£ut.^ wWch are real-time 

interfaces. The fourth server 306 includes the first and second input interfaces 205 
20 and 228, and the first output interface; 215. In this cpnfigxiration, execution of the 
r f edl-time processes is not slbwedby processing demands of the non real-time 
applications or the real-time cbmmunication. Similarly^ the real-time 
communication is not slowed by processing demands of the applications or non 
real-time communication. AH four servers 300, 302, 304, and 306 are 
25 microprocessor-based systems and run the UNIX operating system, or another 

'similar operating system. In one possible, embodiment, the servers have memory and 
- utilize a 400 MHz Pentium II microprocessor with* 1 00 MHz bus or similar state- 
of'-therart server. * f - ■••^?v v.- . vi • /„ 

J ^ The third server 304 ^commumcatesvvitii a router 308. In turn, the 

30 router 308 is in communication with a plurality of digital service.units 3 1 0, which 
r provide mi interface with communication links ; to peripheral systems that,have a 
■ - need to communicate with the computer system 220 on a real-time basis. Examples 

of peripheral systems that might communicate through the router include energy 
' providers, short-interval metered customers, ISOs, generators^ IE As, and DISCOs. 

35 The digital service units 3 10 provide data translation and drivers, Jn one possible 

embodiment, the communication links-are direct and, dedicated connections such as a 
Tl f span and can form a wide area network. Other embodiments have other types of 
communication links to peripheral systems. . . , 
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The fourth server 306 is also communicates with the router 322. In 
turn, the router 322 is in communication : with a plurality of digital service units 312 
that provide an interface for communication links that do not have a need to 
communicate with the computer system 220 on a realrtime basis. Examples of 

5 peripheral systems that might communicate through the router 322 include the 

weather service, energy providers, DISCO's, meter translation systems, generators, 
and customers. In one possible embodiment, these communication links are 
dedicated lines such as a Tl span, p&erembqdiments niight communicate over 
some other suitable type of communication network such as the Internet or ISDN 

10 lines. Additionally, the router 322 is linked to a modem bank 314, which provides 
data communication over the public telephone network. Such communication can 
be used for receiving information such as switching information from customers, 
monthly translation data from the meter translation system 210, or monthly readings 
from energy meters received from the DISCO. , 

15 The first, second, third; a^d fourth sewers 300, 302, 304^^ 

connected to a LAN 316 that operates according to the ETHERNET standard, or 
another standard network configuration. Other peripheral equipment connected to 
the LAN include at least one work station 246, at least one printer 3 1 8, and tape 
back-up equipment 320 or back-up service. In one embodiment, the work station 

20 246 is a PC computer that includes a 400 MHz Pentium II microprocessor and 100 
MHz data bus and operates the Windows NT operating system. 

The various embodiments described above are provided by way of 
illustration only and should not be construed to limit the invention. Those skilled in 
the art will readily recognize various modifications and changes that may be made to 

25 the present invention without following the example embodiments and applications 
illustrated and described herein, and without departing from the true spirit and scope 
of the present invention, which is set forth in the following claims. r 
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The Claimed Invention Is: 

1 . ' 1 " A £y stem for scheduling the generation of energy in an energy distribution 
network having a pii^ality-ofenerg^ users receiving energy from at least one of a 
plurality of energy sources, the system compnsuig: 

5 memory in comihunication with the input, the memory configured to store at 

least one schedule for each energy user, each schedule setting forth 
the predicted enetgy usage over a predetermined period of time; and 
a processor -in cbmmuhicatibh with the memory, the processor configured to 
^ £ ' siim ffie^sbh^ules of a pr^etermined set of energy users thereby 
10 ' vV cifc^tmg'"a'net schedule. ~ 

2. the system bf claim I wherein schedules relate energy usage to a 
priedeterminekl period oftimei. ? r 

15 3 . The system of claim 2 wherein each schedule sets forth the energy user's 
predicted coi&umptibn of energy from a predetermined energy provider. 

•* system" of 

predicted feriergy usage of the energy user, at least one of the schedules setting forth 
1 20 : the energy user's predicted cbnsuiriptibn of energy "from a first predetermined energy 
v provider and at least one of the schedules setting forth the energy user's predicted 
consumption of energy from a second predetermined energy provider. 

5 . The system of claim 1 wherein each schedule is a ^reschedule, each . % 
25 preschedule covering a future period of time; ■*>• : 

61 The system of claim 1 wherein the processor is configured to recalculate the 
net sthklule for each energy provider after a predetermined interval. , 

30 7. The system of claim 6 wherein the interval between recalculations is less 
than about one hour. 

8. The system of claim 6 further comprising an interface in communication with 
the processor, the interface configured to receive temperature forecasts, wherein: 
35 the memory is configured to store temperature coefficients, each temperature 

coefficient corresponding to a particular energy user; and 
the processor is configured to retrieve the temperature coefficient for a 

particular energy user and adjust the schedules by the temperature 
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coefficients thereby creating adjusted schedules, and to form a net 
adjusted schedule,the net adjusted schedule being the sum of the 
adjusted schedules. ; % : 

5 9. The system of claim 1 wherein: 

some of the customers are metered by short— interval meters, the short 
interval meters being configured to generate load-profiles; and 
at least some of the schedules are load-profiles. 

10 10. The system of claim 1 wherein some of the customers are metered by after- 
the-fact interval meters, the after-the-fact interval meters being configured to 
generate load-profiles. * x 
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11. The system of claim 1 wherein the energy, is electricity. 

12. The system of claim 11 wherein the system further comprising an interface 
configured and arranged to output the net schedule^ 

13. The system of claim 12 wherein the predetermined set of energy users 
20 corresponds to a predetermined generator.. 

14. The system of claim 12 wherein the predetermined set of energy users 
corresponds to a predetermined load-following generator, J . , 

25 15. The system of claim 1 2 wherein the predetermined set of energy users 
corresponds to a predetermined DISGCK / 

16. The system of claim 1 2 wherein the predetermined set of energy users 
corresponds to* a predetermined independent energy provider. 

30 

1 " 17. ! - The system of claim 12:wherein the predetennined set of energy users 
corresponds to a predetenhined control area. ; • 

18. The system of claim 12 further comprising means for outputting the net 
35 schedules. 



19. The system of claim 1 wherein the processor is a microprocessor. 
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20. The system of claim 1 wherein the processor is a microcomputer. 

21. ' The systemW claim 1 wherein the energy distribution system includes 
generators and energy providers and the memory includes a database relating each 

5 customer to at least one of the energy providers. 

22. A system for allocating the deviation between an energy user's predicted 
energy usage and' the energy user's actual energy usage, the system comprising: 

means for receiving a i meteraeading of actual energy consumption for the 

10 energy user; 

; ' ■ - memory'm cdmtoumcation with the means for receiving a meter reading, the 

^^emotytemg' configured to - store, a schedule of anticipated energy 
usage for a predetermined period and to store the energy users' meter 
reading; and 

15 a processor m commiinicationiwith Hie memory, the processor.configured to 

calculate the difference between the schedule and the meter reading 

: ^ ;; ^ m ereby forniing a deviation between anticipated energy use and 

actual energy use for "each. energy^ user. . 



20 23. The system of claim 22 wherein schedules relate energy usage to a 
predetermined period of time; 

24: The system ofclaim 23 wherein .each schedule sets forth the energy user's 
predicted consumption of energy from a predetermined energyprovider. 

25 

25. The system of claim 24; wherein a plurality of schedules correspond to the 
predicted energy usage of the energy user, .at least one of the schedules setting forth 
the energy user's predicted consumption of energy from a first predetermined energy 
provider and at least bneof the schedules setting forth the.energy user's predicted 
30 consumption of energy fron* a- second -predetermined energy provider. 

26: The 'system- of claim- 22 .wherein the me^«eadings:from at least some of the 
energy users include an actual usage profile.generated^y the energy user's meter. 

35 v 27. ! The system ofclaim 22 wherein the energy is electricity. 
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28. A method for scheduling the generation of energy in an energy distribution 
network having a plurality of energy, users receiving energy from at least one of a 
plurality of energy sources,: the method comprising the steps of: 

storing a schedule for each energy user, each schedule setting forth the 
5 predicted energy usage for that energy user over a predetermined 

period of time; and 
summing the schedules of a predetermined set of energy users thereby 
creating a net schedule,:*; - 

10 29. The method of claim 28 comprising the ^(Utipn^ step of conmiunicating the 
net schedule to the energy provider. : , 

30. The method of claim 28 comprising the additional step of recalculating the 
net schedule for each energy provider after a predetermined interval. 

15 

31. The method of claim 30 wherein the interval be^een recalculations is less 
than about one hour. ^ ; " - ^ ; ■ ; 

32. The method of claim 28 wherein the net schedules are net adjusted schedules, 
20 method comprising the additional steps of: 

* storing temperature coefficients, each temperature coefficient corresponding 
to a particular energy user; 
retrieving the temperature coefficient for a particular energy user; 
multiplying the schedules by the temperature coefficients, thereby creating 
25 adjusted schedules; and . 

wherein the step of summing the schedules of a predetermined set of energy users 
thereby creating a net schedule includes the step of summing the adjusted schedules 
of a predetermined set of energy users thereby creating the net adjusted schedules. 

30 33. A method for allocating >the deviation between an energy user's predicted 
energy Usage and the energy user's actual energy usage, the method comprising the 
steps of: ^ ' ; ; : 

receiving meter readings of actual energy consumption for the energy user; 
storing a schedule of anticipated energy usage for a predetermined period; 
35 - storing the energy users' meter readings; and 

calculating the difference between the schedule and the meter readings 
thereby forming a deviation between anticipated energy use and 
actual energy use for each energy user. 
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34. A method of controlling the output of an energy provider, the method 

; comprising the steps of: ' ' 

receiving a net Schedule; and . '. ; 

adjusting rthe output of^he energy provider so that the. output is. substantially 
■5 *• i<^ii6--<he«iiW'<>^^ ecified *e^ hedu1 ^ 

35 The method of claim 34 wherein the energy: provider is an electrical 
•• <- generator ttfci^WtitoSfr* output of the energy provider includes the 
step of increasing the electrical output of the generator. 
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36 '^tK^fe^^eliam^ WliBrein the energy provider is an electrical 
generator and the step of adjusting the output of the energy , provider includes the 
step of decreasing the electrical output of the generator. 



. d'- ii.'.i. 



15 37. 



The method of claim 34 whetem Ae; net schedule is a net adjusted schedule. 

! 381- ^ configured to store 

temperature coefficients and the processor is further configured to adjust the 
schedule as a function of the temperature coefficient before calculating the 
20 i'"" ^difference between the * 

39. A system for allbcating t the deviation between an energy user's predicted 
energy usage and the energy user's.actual energy usage, the system comprising: 
rieansf^ 

"25' ' ; enefgy : user; ; '-'-- ' ^ •* ■• '• ■ 

memory in communication with theimeans for receiving a meter reading, the 
• v.:,.. !• • - ... memory being configured io.store a schedule of anticipated energy 
' * it. usage Topa determined period and to store the energy users' meter 
" * ; ; reading; and C .... - • " • 

a processor in communication with the memory, the processor configured to 

< create a reconciled schedule representative of actual energy usage, the 
v, ! ^ total energy represented in the reconciled schedule being substantial^ 
equivalent to actual energy used by the energy .user, the processor 
■- ' -being further corriigured.to calculate die difference between the 
sche^me.'andmereconcUedschedvuethe^ 

between anticipated energy use and actual energy use for each energy 



30 
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user. 
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40. The system of claim 38 wherein schedules and reconciled schedules relate 
energy usage to a predetermined period of time. 

41 . The system of claim 38 wherein each reconciled schedule is further 
5 equivalent to total monthly consumption of the energy user. 

42. The system of claim 22 wherein the memory is further configured to store 
temperature coefficients and the processor is further configured to adjust the 
schedule as & function of the temperature coefficient before calculating the 

10 difference between the schedule and the reconciled schedule. 
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ENERGY COORDINATION SYSTEM 
Technical Field 

The present invention is related to an energy coordination system, and 
5 more particularly, to an energy coordination system that facilitates a customer's 
ability to choose its energy provider. 

Background 

The traditional model for electric utilities is shown in Figure 1 . In 
1 0 this model, an electric utility serves energy users or customers 1 08 (i.e., load) with 
its own facilities 100, which includes a generator 102, a transmission network 104, 
and a distribution network 106. A transformer station 105 is connected between the 
transmission network 104 and the distribution network 106. A customer 108 cannot 
choose between alternative sources of energy. The customer 108 must buy energy 
1 5 from the utility that operates in its geographic region. 

Referring to Figure 2, power grids 1 10 and 1 12 are organized into 
Control Areas 1 14 and 116, respectively, which are electrical systems bounded by 
interconnection (i.e., tie-line) metering 1 1 8 and telemetry. The load between 
adjacent Control Areas 1 14 and 1 16 is balanced according to a predetennined 
20 schedule. If excess demand for electricity is generated in one Control Area 1 14, it 
will receive electricity from adjacent Control Areas 1 16, which disrupts the balance. 
Generators 120 and 122 in the Control Areas 1 14 and 1 16 must then adjust their 
generation to return the balance to zero. The Control Area 1 16 that is providing the 
excess electricity then bills the other Control Area 1 14 for expenses caused by the 

25 deviation. ••''•* 1 ' J : • 

A problem with this current model of electric utilities is that there is 
, .not currently any way to allocate the billings for the deviation in an amount 

proportional to the individual customer's deviation. Rather, the cost of the deviation 
is divided among all of the customers regardless of whether their usage exceeded a 
30 predictable amount. Another problem is that customers who do exceed their ; 

predicted load cannot freely choose the generator, or the Control Area, from which 
..they receive electricity to meet their excess demand. 

In an effort to stimulate competition and lower energy prices, the 
•' electric utility industry is.being deregulated. In theory, deregulation will allow 
35 . energy users to freely chooscthe provider from which they purchase energy. , 
However, most models for the deregulated utility industry only permit limited 
customer choice. One reason is that full customer choice is not possible without a 
system and method of universally scheduling load and generation, controlling the 
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distribution of energy, and accurately allocating deviations to the customers and 
generators that created them. • 

Accordingly; there a need for a system that provides universal 
Scheduling of energy generation and load. There also is a need for a system that 
5 provides universal control over the generation of energy. There is a related need for 
a system that allows customers to choose their energy providers ■, the type of metering 
that they use, the frequency at which they: change energy suppliers, the number of 
* simultaneous suppliers from which they receive electricity, and the load following 
providers that adjust their generation to compensate for the customers being above 
10 or below their preschedules or anticipated energy usage. There is yet another need 
for a system that permits customers to easily switch suppliers by telephone or 
computer. There is also 5 a need for a system that can track customers 1 deviation 
between actual usage and scheduled usage; 

15 Summary 

The present invention is directed to a system for scheduling the 
provision of energy in an eiiergy distribution network having a plurality of energy 
useris receiving energy from at least one of a plurality of energy sources. The system 
comprises memory in communication with the input The memory is configtired to 

20 store at least one schedule for each energy user. Each schedule sets forth the 
predicted energy usage over a predetermined period of time. A processor is in 
communication with the memory . The processor is configured to sum the schedules 
of a predetermined set of energy users thereby creating a net schedule. 

Another embodiment of the present invention is directed to a system 

25 for allocating the deviation between an energy user ? s predicted energy usage and the 
energy user's actual energy usage. The system comprises means for receiving meter 
readings of actual energy consumption for the energy user. Memory is in 
communication with the meads for receiving meter readings. The memory is 
configured to store a schedule of anticipated energy usage for a predetermined period 

30 and to store the energy users' meter readings. A processor is in communication with 
the memory; The processor is configured to calculate the difference between the 
schedule and the meter readings thereby forming a deviation between anticipated 
energy use and actual energy use for each energy user. 

Yet another embodiment of the present invention is a method for 

35 scheduling the generation of energy in an energy distribution network having a 
: plurality of energy users receiving energy from at least one of a plurality of energy 
sources. The method comprising the steps of: storing a schedule for each energy 
user, each schedule setting forth the predicted energy usage for that energy user over 
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a predetermined period of time; and summing the schedules of a predetermined set 
of energy users thereby ^creating a net schedule.: . r .. , - , 

Another method that embodies the present invention is for allocating 
the deviation between anenergy user's predicted energy usage and the energy user's 
5 - actual energy usage: 'This method comprising the steps of: receiving meter readings 
' of actual energy consumption for the energy user,,storing a schedule of anticipated 
energy usage for a predetermined period; storing the energy users' meter readings; 
and calculating the^difference between the schedule and the meter readings thereby 
forming a deviation between anticipated, energy use and actual energy use for each 
10 energy user: tir.:***? '•-•^-.r-oi: ;.. - . . .: :J . ... 

> v ; - : i" x *j r ; ;?- .v: Description of the Drawings 

; : • i ' Figure 1 iilliistrates the traditional model for a regional electric utility; 
Figure 2 illustrates the. traditional model of a power grid that has the 
1 5 regional electric utilities organized into Control Areas; 

Figure 3 Ulustratespne possible model for a power system that 
- utilizes a Computer system embodying/the present invention; 

" 'm- - . ^Figure 4 illustrates [ organ^tion of components in one possible model 
; * -of a deregulated utility industry that utilizes the power system shown in Figure 3; 
20 T < Figure 5<is a functional block diagram ^ illustrating one possible ^ 

1 J embodiment of the computer system, shown in Figure,3; and , . ■ 
; , . • ■. . Figure 6 is a block diagram of one possible embodiment of the 

hardware for implementing, the computer system shown in Figures 3 and 5. 

25 7 > DetailedDescription 

Various embodiments of the present invention will be described in 
detail with reference to the drawings, wherein like reference numerals represent like 1 
parts and assemblies.throughout the several views. Reference to the various 
' embodiments does not limit the scope :of the invention, which is limited only by the 
30 scope of the claims attached hereto.: ^ > . 

\ / . In general terms, the present invention is directed jto a system for 
coordinating various components and entities in a deregulated energy distribution 
system. Various embodiments of the present invention can be utilized with the 
generation and/or distribution of many different types of energy, including 
35 electricity, natural gas; and petroleiim,eiFurthermpre, the present invention can be 
* implemented in many different models for theutility industry and is not limited to 
". * the particular module that is described herein. : iThus, for exampl^, the invention can 
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be used in a system that does not include an independent system operator as 
described below. ; v , 

As stated above, the present invention can have many , different 
embodiments. In one possible embodiment, a system embodying the present 
5 invention determines the deviation between eaph customer's scheduled energy usage 
and the customer's actual usage of energy. This deviation provides a basis for 
allocating the cost of deviation to the .customers that are actually responsible for the 
deviation in a prorated amount. Thus, customers pay only for their energy usage and 
not for the excess usage of other customers. In another possible embodiment, a 
10 system embodying the present invention is .directed to creating net usage schedules 
that are used to control the amount of energy output by various generators. Creating 
and using net usage schedules in this manner helps to maintain balance in the energy 
distribution system. 

An advantage of this systemis that it enables a customer to choose its 
1 5 desired source of energy. For example, a customer can choose. to continue receiving 
energy from its traditional energy provider for* the geographic area in which the 
customer is located. The customer can also choose to purchase energy from an 
alternative energy provider or directly from a generator. In yet another example, a 
customer can choose to purchase energy from multiple and different sources 
20 depending on a variety of factors such as the time of day, the day of the week, or 
whether the customer's actual energy usage is exceeding its scheduled usage. 

i o Referring now to the .drawings, Figure 3 illustrates one possible 

model of a power system 123 that utilizes the present invention. In this power 
system 123, a plurality of generators 124, 125, and 126 generate, energy into a 
25 transmission network 128. A distribution network 130 receives energy from the 

transmission network and distributes the energy to the loads 132, 134, 136, and 138. 
A transformer station 131 is positioned between the transmission network 128 and 
the distribution network 130. The loads 132, 134, 136, and 138 can be any type of 
customer, or combinations of different types of customers, including residential, 
30 commercial, and industrial customers. , There are meters 140, 142, 144, and 146 that 
measure the flow of energy between the distribution network 130 and the loads 132, 
134, 136, and 138. There are also meters 148, 150, 152 that measure the flow of 
* electricity between the generators 124, 125, and 126 and the transmission network 
-128. A computer system 220 is interfaced with, or electrically connected to, the 
35 meters 132, 134, 136, 138, 148, 150, and 152, 

Figure 4 illustrates one possible structure of the electric utility 
industry in a deregulated environment in which a customer 1-7 can choose its own 
source of electricity. Within this system, a customer 1-7 can choose to keep 
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receiving energy from its regional DISCO 219, which is the traditional regional 
utility, or choose" to switch to'an alternative energy provider 242. ; . ; , 

An Independent System Operator (ISO) 244 is.a regional organization 
that operates the transmission network 130 independently of its owners. The ISO 

1 244 can operate transmission networks owned by several different companies or a 
" single transmission network. Analogously, the ISO 244 can encompass several 

' Control Areas, a single Control Area, or cbmbineseveral Control Area into a larger 
' h • unitary Control' Area/* 1 The ISO 244 is responsible for the reliability of the networks 

within its system arid have contracted- with a generator 225 that will provide load- 
r following services. The 16ad-Y611dwmg generator£25 with whom the ISO is 
associated is ? the : defdult generator that provides excess electricity when demand 
exceeus the load scheduled forthe 'networks Although the ISO is described as 
1 performing these functions, other structures of the utility industry are possible in 

which other entities, such as the Control Areas themselves, perform these functions. 
5 ; - : Aribther brganiz^^ 

(IEA) 1 54 provides a : ceritral control that coordinates all of the components for the 
1 ' iSO 244: : XccbVdinglyrthe IEA ; 1 54 operates :the computer system 220 and provides 
account switching, shbrt-mferVal schedulmg, and deviation 

^ -j^e tea 154 communicates wim me ISO 244; generators 156 and 
0 " 158; the' regional DISCO 219; energy providers 242 that receive. load-following 
■' : from the default generator 225; energy providers 242 mat contract; with alternative 
: load'foliowihg generators 223 ^customers, such as. customer, 6, that choose to 
cbritract directly wim a particular generator for, eimer. their main supply of energy 
156 or 158 or their load following energy provider 223; and customers, such as 
customer 7, that have short-interval metering. * In an alternative model of the energy 
industry' and the system configuration^ control or coordination is provided by an 
entity other than the ISO 1 54. Examplesof other entities include an independent 
energy scheduling service or a distribution company . • 

Referring to Figure 5,'the computer system 220 interfaces with energy 
30 e meters 200, after-the-fact internal meters 202, short-interval meters 204, and 

generator meters 206. Energy meters 200 do not have load-profile recorders and 
' ' typically are used for residential customers^ After-the-fact interval meters 202 have 
built in i load-profile recorders *nd typically have dial-up communications with an 
•' entity that has ; a m^ter tianslation system suchas a DISCO. After-the-fact interval 
35 ' meters 202 typically are usedtfbr commercial and light industrial customers. Short- 
interval meters 204 record energy on a near real-time basis. Short-interval meters 
204 typically are used for large industrial customers. Generator meters 206 track the 
* ; output of generators on a near real— time basis. ■ -. 
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Meters operating on a nearreal-time jbasis take measurements at 
relatively short intervals, such'as five minute intervals. However, the length of the 
interval can vary depending on a variety of factors such as the capabilities of the 
meter, the capacity of the communication system to which the meter is linked, and 
5 the number of customers. The shorter the interval between re-adings the closer that 
the system is to achieving true real-time measurement In some possible . 
configurations, therefore, near real-time is synonymous with real-time if the 
intervals are short enough. . " \\\ 

• A meter translation system 210 includes a communication interface 
10 212, a meter data translation and processing system 214; a high precision time base 
216, and a customer load profile history database 218 . The communication interface 
212 provides an interface for after-the-fact meters 202. , , 

The communication interface 212 dials up and polls the individual 
after-the-fact meters 202 that are installed at various customers. Each after-the- 
1 5 fact meter 202 generates a metered load profile, which is a profile of actual usage 
that charts actual use over a period of j time. That period of-time ; can have various 
intervals such as 1 day, 1 week? or 1 month. When polled by the meter translation 
system 21 0, after-the-fact metiers 202 download into the meter dat^ translation and 
processing unit 214 both their metered load profile, and the meter reading for the end 
20 of the profiled interval. The meter profiles as well as theactual meter readings at the 
start and istop of the profiled interval are stored in the customer load profile history 
database 218. ' - : ■ , , -r 

The time base 216 receives time from a precision atomic clock 
source. This high precision time is used to synchronize the clock in each of the 
25 after-the-fact meters 202, r 

The standard energy meters 200 are typically read by a meter reader 
arid input into a hand^held meter reading microcomputer 201. This hand-held 
meter reading microcomputer 20 1 is interfaced with the DISCO's electronic meter 
reading system 208. If the customer has not elected to switch to an alternative 
30 energy provider, the iheter readings are input into the DISCO's billing system 203 
"and the DISCO 21 9 will generate billing for that customer in a manner that is known 
in the art. If the customer has elected to switch energy, providers* the data from the 
DISCO's meter reading system 208 is input into the meter data and translation and 
processing 214 of the meter translation system 210. In an alternative embodiment, 
35 the meter readings are also stored in the customer load profile history database 218. 
In yet another alternative configuration, the DISCO meter reading system 208 
communicates meter readings from switched customers directly to the first input 
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interface 205 of the computer system 220, which is described in more detail below, 
rather than communicating the meter readings to the meter translation system 210. 
> ' : The computer system 220 includes a4eviation accounting processor 

222; a schedule processor 224; first,' second, and third input interfaces 205, 226, and 
5 228; first arid secdnd output interfaces 215 and 230; a real-time database 232; a 
: relational database 234; a:reconciliation processor 2 1 1 ; a customer verification 
processor 209; and a prescheduling processor 213 .- Within this system, the second 
input interface J 226; the schedule processor 224, the real-time database 232, and the 
second output interface 230 form a real-time processor 23 1 that enables the 
10 computer system 220 to quickly respond to changes in customer demand so that the 
generators; c^adj^ 

' : imbalances. The processors described herein can be computer programs or portions 
of programs such as routines or objects. 

15 demograpWcsV energy riietered 

shdrt-iritei^^iiietered customers; generators, including load following suppliers; 
; arid energy provider; 'Demographic i^ 

" i database iribludes data regardmgrgeneratbrs, energy providers, and ciisto 

have switched to an energy provider other thari^their geographic M Each of the 
20 generators, energy providers, arid customers is represented by a flag, code, or 
character string. The relational database 234 creates relationships between 
generators and energy providers that have energy supply contracts, customers and 
energy providers that have energy supply contracts, and customer? an4 generators 
that have energy supply contracts/ In one possible embodiment, the relational 
- 25 database also contains information regarding the interval during which the generator 
or energy provider is scheduled to supply energy, 

< ! Data stored in therelational database 234 regarding energy metered 
cuStomefs 200 includes; preschedules* temperature coefficients, adjusted schedules, 
actual monthly 1 meter readings,' reconciled schedules,' and deviations. Data regarding 
30 after-the-fact intervallmetered customers 202 includes preschedules, temperature 
coefficients, adjusted schedules* metered load profiles, and deviatipns. Data 
J regarding short-interval metered customers 204 includes preschedules, metered load 
profiles; arid deviations. Data regarding the generators, 206 includes preschedules, 
• ' <• adjusted schedules, metered generation profiles, and deviatipns. Data regarding the 
35 energy providers 242 includes preschedules, temperature basis by zip code, the net 
of adjusted schedules and short-interval metering for the energy providers 
customers, a net of reconciled and .naetered load profiles, and deviations. 



BNSDOCID: <WO 9962161 A1_IA> 



' '* ' ' . 5. . . . . 0, 

WO 99/62161 " PCT/US99/1 1892 

8 

The temperature basis is the predicted. temperature. The temperature 
coefficient is a factor that is added to the preschedule for every degree that the actual 
temperature differs from the. temperature basis. .. It accounts for increased (or 
decreased) energy usage caused by climate* control units such as air conditioners that 
5 result from unexpected temperature swings. There i$ a separate temperature 
coefficient for each customer. Additionally, the temperature coefficient is 
: determined through statistical sampling based upon a custonier's, or a sampling of 
similar customers 1 , historic energy usage. 

For example, if the temperature basis is 60° and the actual 
1 0 temperature is 70°, a customer has a first temperature coefficient that is added to the 
preschedule 1 0 times, once for every degree .that the factual temperature exceeds the 
temperature basis of 60°. If the temperature basis is 8p° and the actual temperature is 
85°, the same customer will have a different temperature coefficient that is added to 
the scheduled energy usage 5 times, onpe for every degree that the actual , 
15 temperature exceeds the temperature basis of 80°. Knowledge on how to compute 
these coefficients is well known in the art. > ^ rt? , . r 

' The first input interface -205 receives data from the meter data 
translation and processing system 214 and loads that information into the relational 
database 234. This data includes the current metered load profiles for after-the-fact 
20 metered customers 202 and actual meter readings for energy metered customers 200. 
En the event that there is a failure in the communication between the meter 
translation system 210 and the after-the-fact meters 202, a historical metered load 

profile will be communicated from .the customer load-profile database 218 to the 

. . 0 - ...... 

first input interface 205. - , : 

25 The second input communication interface 226 is a near real-time 

interface that polls the shortTinterval meters 204 that are installed at customers' 
facilities and generator meters 206. The short-interval meter values, are then 

' downloaded from the second input interface 226 to,the near real-time database 232. 
The second input interface 226 also receives adjusted schedules from other ISOs and 

30 IEAs 217. This information is used .to schedule and maintain a balance between 
• Controt Areas and for billing purppses if there is an imbalance created between the 
Control Areas; The information also enables customers and energy providers from 
other Control Areas to purchase energy from a generator 206 in the Control Area of 
the computer system 220. 

35 Each generator has a generator ^rescheduling processor 236 that 

generates a preschedule of electricity that it plans to generate for a predetermined 
period. Similarly, each energy provider 242 has a load prescheduling processor 238 
that generates schedules or preschedules for each of its customers. Each preschedule 
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is created through statistical sampling based upon a customer's, or a sampling of 
J similar customers*;; historic energy uskgei Additionally, each preschedule 
' corresponds to tlfe energy that the erierg? provider 242 expects to provide to the 

' customer for which the^reschedule is created; The preschedules are communicated 
5 4 to the second input interface 228 by meians^such as e-mail or other.electronic 

conimunicatioris, and are then stored in the relational database 234. The preschedule 
can cover kriy future period. Ifi brie pbssible embodiment, however, the preschedules 
cover a 24-ii6w period'and are created brie day in advance of the period that the 
schedule covers. ' " ' : ' : : 

10 f - The preschediilihg processor 213 retrieves all of the preschedules for 

: a given enef^^fo^dfetMinihe relational database 234. The preschedules are then 
° * sliced by fconlrorAr 

* " ' " preschedule^ Tlie net preschedules are stored in the relational database 234 and 
v ; communicated to the lSO 244^ the DISGOs 219, the energy providers 242, and the 
15 load foilbwinglganersLtors 223 via the first output interface 215. 

T ^ Thfe schedide processor 224 generates a net adjuste 
each of the energy providers 242.- The net adjusted schedule is the schedule of the 
" imo\mt of electricity thai c^omers-of thfe energy provider 242 expect to use during 
' r kgiveh period of time. Th6 iiet' adjusted schedule includes information for all of the 
2d energy provider's 242 cii^omere, including short-interval metered customers 204, 
after-tK^-fact mkerted custbriiers; and energy metered customers 200, In generating 
the net adjusted schedule for ah energy provider 242, the schedule processor 224 
retrieves the customer data and the preschedule for all of the energy provider's 242 
ciistbiners, including' the short^iriterval metered ciistomers 204, afterr-the-fact 
25 metered customers 202, and energy metered customers 200: 

- ! The schedule processor 224 also retrieves actual weather data from a 
weather service 240 and the corresponding temperature coefficients from the 
relational database 234. Ah example of possible weather data that isi retrieved from 
1 L the weather service includes the actual temperature by zip code. The scheduling 
30 " processor 224 then creates an adjusted ^cKedule by adjusting the preschedules for 

after-the-fact interval metered custbmers r 202 and energy metered customers 200 on 
an Hourly basis using the temperature coefficient correspondence to the temperature 
basis and the most recent actual temperature that the computer system 220 has 
*' ' received. ' " * "* "' * a : *" * ' - v * '* - - r-: • 

35 The schedule processor 224 also; compiles a metered load profile for 

each of the short-interval customers 206. The metered load profiles of the short- 
r interval metered customers 206, the adjusted schedules for after-rthe-fact metered 
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r customers 204, and the adjusted /schedules for energy. metered customers 200 are 
summed to create the net adjusted schedule. - 

This process of calculating the net adjusted schedule is periodically 
performed for each of the generators, energy providers, Control Areas, DISCOs, and 
5 other IE As. In one possible configuration, a new net adjusted schedule is created 
every five minutes to provide a near real— time schedule so that generators can 
periodically adjust the amount of energy they are providing to minimize energy 
imbalance. In another configuration, a new net adjusted schedule is calculated in 
intervals other than five minutes, depending on a variety of factors including 
10 communication between the computer system 20p and the peripheral systems as well 
as processing demands placed on the computer system 200. The interval could be 
less than five minutes or considerably greater than five minutes. 

The scheduling processor 224 also periodically creates aninter- 
IEA/Control Area schedule. This schedule is used to update information about the 
15 balance between Control Areas and inform any contracted generators in other 

Control Areas of the size of the load that they , need; to generate to serve customers in 
their host Control Area. i ~ ^ *v 

The scheduling processor 224 stores the weather information, 
- preschedules, adjusted schedules/ and short-interval metered load profiles in the 
20 real— time database 232. Storing this information in the real-time.database 232 

enables the schedule processor 224 to quickly retrieve it for updating or adjusting the 
schedules. The schedule processor 224 also stores the short-interval metered load 
profiles arid the adjusted schedules in the relational database 234 to create a 
historical record of data. ^ ; 
25 The net adjusted.schedule is output from the schedule processor 224 

via the second output interface 230 to the energy providers 242, the ISO 244, the 
load following providers 223, the DISCO 219, and other IEAs and Control Areas 
' 22 1 that might have a need for the adjusted schedule. The energy providers 242 can 
* use this information for a variety of purposes such as computing an alternate net 
30 adjusted generation schedule, keeping historical records, billing purposes, and 

accounting purposes. The alternate net adjusted schedule is an alternate generation 
schedule that determines how much to adjust the energy being purchased from 
generators arid load following generators as the deviations are determined. The 
alternate riet adjusted schedule is then conununicated back to the real-time database 
35 232 via the second input interface 226. The scheduling processor224 then uses this 
information to adjust the schedules of the appropriate generators and load following 
: generators. 1 .. •; - >■ 
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In an alternative embodiment, the alternate net adjusted generation 
schedule is also communicated directly firbm the energy providers 242 to the load 
following generators 223. The ldad-following generators can use the alternate net 
adjusted generation schedule for bmirig tod to qiiickly adjust their generation to 
5 match customer demand and maintain balance of the system. 

The ISOs 244 use the net adjusted schedule as a measure of the 
'amount of energy that must be available oh the network at any given time. The ISO 
244 compares the net adjusted schedules with the net preschedules to assist in 
maintaining reliability . This comparison^ - for example, is used to determine how 
10 ' much energy M Ib^d^follovvrhg generators must provide in order to meet customer 
demand and maintain a ^ balanced ^wer^sy stem In another example, this 
: bomparison is likeS to adjust the output of load-following generators with whom 
customers have' contracted 223 in order to minimize dependence on the ISO's default 
load-following generators 225 td'meet demand and balance the power system. 
1 5 : r ' The second output iriterfkei 230 also communicates in near real-time 

the net adjusted schedules to load-following generators 223 with whom particular 
* r: ' J ' energy providers IfaV In this situation, theindividual 

contracted load-following generator 223 will increase or decrease generation of 
' ' eriergy to follow the energy provider's w* customers adjusted schedule. 
20 Inter-Control Area schedules are commimicated from the second 

output interface 230 to the other IEAs and Control Areas 221 , which use this . 
" information for generating their own load schedules. This information permits a 
customer or enerjgy provider in one Control Area to contract with a^generator in 
another Control Area. This information is also used to schedule and maintain a 
25 balance between adjacent Control Areas and for billing purposes if the Joad between 
: adjacent Control Areas becomes unbalanced; / 

' ■ - ' * ^ ^ ' xhe net pif esehedules and adjusted schedules for all of the switched 4 
; : " customers Within- 'each DISCO kre lxanisnutted to the DISCOs 219. Each DISCO can 
' '' : then use this information^ 
30 receives each energy provider's net preschedule from the first output interface 215. 

The reconciliation processor 211 retrieves the adjusted schedule or 
1 schedules arid actual monthly meter readings for every energy metered customer 200 

from the : relational database 234. The reconciliation processor, 2 11 then uses the 
' actual monthly meter reading to scale the adjusted schedule for each customer and 
35 create a reconciled schedule 

schedule is substantially equivalent to the energy metered customer's actual usage. 
In one possible embodiment, the total amount of energy represented in a customer's 
or energy user's reconciled schedule corresponds to the customer's total monthly 
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consumption of energy. The reconciled schedule is stored in the relational database 
- 234. - s \. ; . . • f • 

The deviation processor 222 calculates the deviation between the 
adjusted schedule and the actual energy used for each customer and for each 
5 generator. The deviation processor 222 retrieves information from the relational 
database 234 for each customer. For energy metered customers 200, the deviation 
processor 222 retrieves the adjusted schedule and the reconciled schedule. The 
deviation processor 222 then calculates the difference between the reconciled 
schedule and* the adjusted schedule, which is the deviation. For after-the-fact 
10 metered customers and generators, the deviation processor 222 retrieves the adjusted 
schedule and the metered load and generation profiles from the relational database 
234. The deviation processor 222 then calculates the difference between the metered 
load profile and the adjusted schedule* which is the deviation. For short-interval 
metered customers, the metered load profile becomes the adjusted schedule, and 
1 5 there is not a deviation between the adjusted schedule and metered load profile for 
short interval metered customers. For customers with multiple .energy suppliers the 
deviations for the customers wUl be divided based on negotiated contracts. 

The deviations for individual customers are communicated to each 
customer's energy provider 242 through the first output communication interface 215 
20 and are stored in the relational database 234. In addition, the net deviation for each 
energy provider and generator is provided to the ISO 244. The energy provider 242 
uses the deviation for each individual customer to allocate the deviation billing from 
the ISO 244 to the individual customers in an amount proportioned to the customer's 
individual deviation. : \ 
25 The workstation 246 is used to input demographic information for 

r each customer into the relational database 234. Demographic information can 

include personal information, the identity of the primary energy provider with whom 
the customer has contracted, and the identityof secondary energy providers with 
whom the customer has contracted; ^ ; , 
30 The customer verification processor 209 prevents slamming of 

" customers. Slamming occurs when an energy provider 242 switches a customer to 
its service without the customers permission. The customer verification processor 
209 receives requests from the energy provider 242 for changes in the customer's 
chosen energy provider. This information can be communicated electronically or 
35 directly from the energy, provider 242 to the customer verification processor 209. 
■ Alternatively, this information can be sent to the IEA, and is then manually input to 
the verification processor 209 at the work station 246 v 
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Upon receiving a request to switch a customer, the verification 
processor 209 causes a confirmation request to be generated and sent to the customer 
207. The confirmation request can have many possible formats such as a mailing or 
a digital certificate. Once the ^nfirmationrfrom.the customer is received, the 
5 verification processor 209 willupdate the information in the relational database 234 
that identifies the customer's 207 new energy provider 242 ¥ . The confirmation is also 
communicated to tHe customer's previoxis energy provider 242 notifying it that the 
customer switched to another energy provider 242. The same process as described 
above will be used of a ciistomer selects ! anadditioiial energy provider. The change 
10 : then takes effecfafter fo^ . ^ 

^efei^g 

: ' computCT system 220 has:^ 302, 304, and 306. The first server 300 

: stores the : relatibiial database dnd executes the non re These 
processes include the customer verification processor 209, deviation accounting 
15 processor 222, reconciliation Th e 
Second sesrvter 302 &dres the real-^ 
^ ' processor i224fwhich is a real-time processor. The third server 304 includes the 
: second input arid the &cohd output interfaces 226 and 230, which are real-time 
interfaces; The fourth server 306 includes the first and second input interfaces 205 
20 ^d 228^ and the first output interfaced 15. Inthis configuration,- execution of the 
real^timfe processes is not slowed by processing demands of the non real-time 
h * * applications or the real-time communication; Similarly, the real-time 

communication is not slowed by processing demands of the applications or non 
real-time communication; All four servers 300,; 302, 304, and 306 are 
25 microprocessor-based systems and run the UNIX operating system, or another 

similar operating system. In one possible embodiment, the servers have memory and 
1 utilize a 400 MHz Pentium II microprocessor with a 100 MHz bus or similar state- 
' of-^the atrt servet. ;?: : 1 4 — * — r - ~"v < , - 

-The third server 304 communicates with a router 308. In turn, the 
30 router 308 is in communication with a plurality of digital service units 310, which 
provide an interface with communication links to peripheral systems that have a 
need to "cbnainiiriicate with the computer system 220 on a real-time basis. Examples 
of peripheral systems that might communicate through the router include energy 
1 ! providers, short-interval metered customers, ISQs, generators, IEAs, and DISCOs. 

35 ' The digital service units 3 10 provide data translation and /drivers;. In one possible 

embodiment; the rommumcatiorr links are direct and dedicated connections such as a 
r Ti span and can form a wide area network. Other embodiments have other types of 

communication links to peripheral systems.'. r 
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The fourth server 306 is also communicates with the router 322. In 
turn, the router 322 is in commuiucation:with a plurality of digital service units 312 
that provide an interface for communication links that do not have a need to 
communicate with the computer system 220 on a real-time basis. Examples of 

5 peripheral systems that might communicate through the router 322 include the 

weather service, energy providers* DISCO'S, meter translation systems, generators, 
and customers. In one possible embodiment, these communication links are 
dedicated lines such as a Tl span. Other, embodiments might communicate over 
some other suitable type of communication network such as the Internet or ISDN 

10 lines. Additionally, the router 322 is linked to a modem bank 314, which provides 
data communication over the public telephone network. Such communication can 
be used for receiving information such as switching information from customers, 
monthly translation data from the meter translation system 210, or monthly readings 
from energy meters received from the DISCO. . 

15 The first, second, third, and fourth servers 300, 302, 304, and 306 are 

connected to a LAN 316 that operates according to the ETHERNET standard, or 
i another standard network configuration. Other peripheral equipment connected to 
: the LAN include at least one work station 246, at least one printer 318, and tape 
back-up equipment 320 or back-up service. In one embodiment, the work station 

20 ^ 246 is a PC computer that includes a 400 MHz Pentium II microprocessor and 1 00 
MHz data bus and operates the Windows NT operating system. 

The various embodiments described above are provided by way of 
illustration only and should not be construed to limit the invention. Those skilled in 
the art will readily recognize various modifications and changes^that may be made to 

25 the present invention without following the example embodiments and applications 
illustrated and described herein, and without departing from the true spirit and scope 
of the present invention, which is set forth in the following claims. : 
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The Claimed Invention Is: 

1/' " A system for scheduling the generation of energy in an energy distribution 
network having k plurality of energy users receiving energy from at least one of a 
plurality "of eiier^ soiirides; thb system comprising: 
5 u memory in comhiiinication^ 

ff least'one schedule for each energy 1 iiser/each schedule setting forth 
1 — the predicted enfergy usage over a predetermined period of time; and 

a processor m communication 
" ' sxiirt the schedules of a predetermined set of energy users thereby 

10 ' ' defeating k net schedule. - 

- ■ ""' .■'■*■ irtii&i:' :*: /^-Uk : ' >. • .... a ■ • 

2. ' The system* of ■ claim 1 wherein schedules relate energy usage to a 
predetermined period of time. ; r r 

15 3 . The system of claim 1 wherein each schedule sets forth the energy user's 
predicted consumption of enejrgy from a predetermined energy provider. 

:-.v >/:•■ -..T-'*. ; '.^'.-...f v ^-r-- ■.- ' 

4. ^ The sySteih of claini 3 Wherein a plurality of schedules correspond to the 
predicted energy usage of the energy user, at least one of the schedules setting forth 
20 the'ener^xiser'spredictiedcoi^ 

provider arid at least one of the schedules setting forth the energy user's predicted 
consumption- of energy from a second' predeteitnined energy provider. 



5 . The system of claim 1 wherein each schedule is a preschedule, each 
25 preschedule cohering a future period of 

6. ' The system of clairn 1 wherein the processor is configured to re^ ' 
nef schedule for each energy provider after a predetermined interval/ 

30 7. The system of claim 6 wherein the interval between recalculations is less 
than about one hour. 

8. The system of claim 6 further comprising an interface in communication with 
the processor, the interface configured to receive temperature forecasts, wherein: 
35 the memory is configured to store temperature coefficients, each temperature 

coefficient corresponding to a particular energy user; and 
the processor is configured to retrieve the temperature coefficient for a 

particular energy user and adjust the schedules by the temperature 
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coefficients thereby creating adjusted schedules, and to form a net 
adjusted schedule, the net adjusted schedule being the sum of the 
adjusted schedules; . / , v. : , 

9. The system of claim 1 wherein: 
some of the customers are metered by short-interval meters, the short 

interval meters being configured Jo generate load-profiles; and 
: > ■■ at least some of the schedules are loadrprofiles, ^ . 

10. The system of claim 1 wherein some of the customers are metered by after- 
the-fact interval meters, the after-the-fact interval meters being configured to 
generate-load-profilest * . - 



1 1 . The system of claim 1 wherein, the energy is; electricity . 

12. The system of claim 11 wherein the systeip further comprising an interface 
configured and arranged to output the ftet schedule.^ . v 

13. ' The system of claim 1 2 wherein the predetermined set of energy users 
corresponds to a predetermined generator. „ 

14. Thi system of claim 12 wherein the predetermined set of energy users 
corresponds to a predetermined load-following generator, 

15. The system of claim 12 wherein the predetermined set of energy users 
corresponds to a predetermined DISCO. 

16. The system of claim 12 wherein the predetermined* set of energy users 
corresponds to a predetermined independent energy provider. 

17. The system of claim 12 wherein the predetermined set of energy users 
corresponds to a predetermined control area. ^ 

18. The system of claim 12 further comprising means for outputting the net 
schedules. 



19. The system of claim 1 wherein the processor is a microprocessor. 
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20. The system of claim 1 wherein the processor is a microcomputer. 

v - * * - ... - .«.•■-, 

21 . The system of claim 1 wherein the energy distribution system includes 
generators and energy providers and the memory includes a database relating each 

5 customer to at least one of the energy providers. 

"'?"(/**■ * * ■ " 

22: ■ A system foi: aUociatirtg'the deviation between an energy user's predicted 
energy usagfe and the energy user's* actual energy usage, the system comprising: 
means for receiving' a riieter^reading of actual energy consumption for the 
10 energy user; 

* - r - memory iii^coniihunicatiori w means for receiving s meter reading, the 
' { ** ■ Memory being configured to store a schedule of anticipated energy 

usage for a predetermined period and to store the energy users' meter 
reading; and 

1 5 a processor in communication with the memory , the processor configured to 

calculate the difference between the schedule and the meter reading 

actualehefgy v ^ 



20 23 : r The system of claim 22 wherein schedules relate energy usage to a 
predetermined period of time. *^ 

24. The system of claim 23 wherein e&ch schedule, sets forth the energy user's 
predicted consumption of energy from a predetermined energy provider. 

25 

25. The system of claim 24 wherein a plurality of schedules correspond to the 
predicted energy usage of the energy user, at least one of the schedule? setting forth 
th^ energy user's predicted consumption of energy from a first predetermined energy 

' provider and at least one of the schedules setting forth. the energy user's predicted 
30 consumption of energy from a second predetermined energy, provider.. 

26: The system of claim 22 wherein the meter readings from at least some of the 
energy users include an actual usage profile generated by the energy user's meter. 

35 1 27. The system pf claim 22 wherein the energy is electricity. 
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28. A method for scheduling the generation of energy in an energy distribution 
network having a plurality of energy users receiving energy from at least one of a 
plurality of energy sources, the method comprising the steps of: 

storing a schedule for each energy user, each schedule setting forth the 
5 predicted energy usage for that energy user over a predetermined 

period of time; and* 
summing the schedules of a predetermined set of energy users thereby 
creating a net schedule.. . > 

10 . 29. The method of claim 28 comprising the additional step of communicating the 
net schedule to the energy provider. 

30. The method of claim 28 comprising the additional step of recalculating the 
net schedule for each energy provider after a predetermined Jnterval. 

15 

31. The method of claim 30 wherein the interval between recalculations is less 
than about one hour. ; y . 

32. The method of claim 28 wherein the net schedules are net adjusted schedules, 
20 method comprising the additional steps of: 

v storing temperature coefficients, each temperature coefficient corresponding 

^ to a particular energy user; 

*- retrieving the temperature coefficient for a particular energy user; 

multiplying the schedules by the temperature coefficients, thereby creating 
25 adjusted schedules; and . 

wherein the step of summing thetf schedules of a predetermined set of energy users 
thereby creating a net schedule includes the step of summing the adjusted schedules 
of a predetermined set of energy users thereby creating the net adjusted schedules. 

30 33 , A method for allocating the deviation between an energy user's predicted 
energy usage and the energy user's actual energy usage, the method comprising the 
steps of: : 

receiving meter readings of actual energy consumption for the energy user; 
storing a schedule of anticipated energy usage for a predetermined period; 
35 , storing the energy users' meter readings; and 

calculating the difference between the schedule and the meter readings 
thereby forming a deviation between anticipated energy use and 
actual energy use for each energy user. 
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34. A method of controlling the output of an energy provider, the method 
comprising the steps of: " :> - : - 

receiving a net schedule; and: " - 
adjusting tfie output x>f the energy provider so that the output is substantially 
5 - - equal-to the "energy lisiage specified in the schedule. 

1 . • . • • ■:■..<- >k V;lr^ ? . ' ' • 

35. The method of claim 34 wherein the energy provider is an electrical 
generator and thes Step 6f< adjusting the output of the energy provider includes the 
step of increasing the electrical output of the generator. 

36. 1 The rnethoff^f c&uh 34^vherein the energy provider is an electrical 
generator and the step of adjusting the output of the energy provider includes the 
step of decreasing the electrical output of the generator. 



10 



15 37. r The method of claim 34 whereinthe net schedule is a net adjusted schedule. 

r 38. : " The system s 6f clMm I 22"wharem the memory is further configured to store 
temperature coefficients and the processor is further configured to adjust the 
schedule as a function of the temperature coefficient before calculating the 
20 difference between the schedule aWd the mfeter reading. 

r : 39. A system for allocating the deviation between an energy user's predicted 
energy usage and the energy user's actual energy usage, the system comprising: 
r means for receiving a meter reading of actual ene 
: 25 * J • ' J 1 " ; v energy 7 user; * - ' * " ' *i 

memory in communication with the means for receiving a meter reading, the 
.V memory being configured to store a schedule of anticipated energy 

L ^ ^ r usige fof 
1 '-' v v ""'<'- :^reading;vahd ; ^ \o" ;■ — - - r ---' . ' 

30 a processor in communication with the memory, the processor configured to 

- r create k reconciled schedule representative/of actual energy usage, the 
total energy Represented in the reconciled schedule being substantially 
equivalent to actual energy used by the energy user, the processor 
being fui^^ coiifijgured to calculate the difference between the 
35 schedule and the reconciled schedule thereby forming a deviation 

between anticipated energy use and actual energy use for each energy 
' 'user: .: 
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40. The system of claim 38 wherein schedules and reconciled schedules relate 
energy usage to a predetermined period of time. 

4 1 . The system of claim 38 wherein each reconciled schedule is further 
5 equivalent to total monthly consumption of the energy user. 

42. The system of claim 22 wherein the memory is further configured to store 
temperature coefficients and the processor is further configured to adjust the 
schedule as a function of the temperature coefficient before calculating the 

10 difference between the schedule and the reconciled schedule. 
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